nels at the LHC. We focus on the "gold-plated" purely leptonic decay modes and consider the irreducible electroweak, QCD, and t-quark backgrounds, applying a combination of forward-jettagging, central-jet-vetoing, and stringent leptonic cuts to suppress the backgrounds. We find that, given the constraints on the triplet vacuum expectation value (vev), considerable luminosity is required to observe Higgs triplet bosons in vector boson scattering. Observing a Higgs triplet at the LHC is most promising in the Georgi-Machacek model due to a weaker constraint on the triplet vev. In this model, we find that a Higgs triplet boson with a mass of 1.0 (1.5) TeV can be observed at the LHC with an integrated luminosity as low as 41 (119) 
We present the results of a study of Higgs triplet boson production arising in the Littlest Higgs, Left-Right Symmetric, and Georgi-Machacek models in the W ± W ± , W ± Z, W + W − , and ZZ channels at the LHC. We focus on the "gold-plated" purely leptonic decay modes and consider the irreducible electroweak, QCD, and t-quark backgrounds, applying a combination of forward-jettagging, central-jet-vetoing, and stringent leptonic cuts to suppress the backgrounds. We find that, given the constraints on the triplet vacuum expectation value (vev), considerable luminosity is required to observe Higgs triplet bosons in vector boson scattering. Observing a Higgs triplet at the LHC is most promising in the Georgi-Machacek model due to a weaker constraint on the triplet vev. In this model, we find that a Higgs triplet boson with a mass of 1.0 (1.5) TeV can be observed at the LHC with an integrated luminosity as low as 41 (119) 
I. INTRODUCTION
A primary motivation for the CERN Large Hadron Collider is to understand the mechanism of electroweak symmetry breaking (EWSB) [1] [2] [3] . Related to understanding EWSB is the need for physics beyond the Standard Model (SM) to resolve the hierarchy and fine tuning problems between the electroweak scale and the Planck scale. Numerous solutions, such as Supersymmetry, Dynamical Symmetry Breaking, and Extra Dimensions, have been proposed [1] [2] [3] . An interesting class of models known as "Little Higgs" models [4] has a very rich phenomenology, including new heavy gauge bosons, new heavy quarks, and an expanded scalar sector. Much of this has been studied elsewhere [5] [6] [7] [8] [9] [10] with, for the most part, the exception of the scalar sector of the theory. Would-be Goldstone multiplets are a fundamental ingredient of these theories, and the existence of scalar triplets might be a useful signature for this class of models.
It has been pointed out that doubly-charged members of the Higgs triplet (Φ ±± ) might serve as a good signal for these models if they are kinematically accessible at future colliders [6] . Han et al. [6] necessary to map out their properties to construct the underlying Lagrangian. For example, the W + ZΦ − vertex is unique to Higgs triplet representations and does not exist in Two Higgs Doublet Models (2HDM), so the observation of this interaction would provide evidence for Higgs triplets [11] .
The observation of a Higgs triplet state would not, however, uniquely identify the model of origin [11] . In addition to the Littlest Higgs model, scalar triplets are also included in the Georgi-Machacek model [12] and LeftRight Symmetric models [13, 14] . The so-called 3-3-1 models [15, 16] are another class of models that include Higgs triplets [17] . However, because 3-3-1 models are similar to variations of Little Higgs models, we will not consider them separately. To distinguish between models, one therefore needs to study the properties of newly discovered scalar resonances. In this paper, we study vector boson scattering to determine whether it can be used to distinguish between models that include Higgs triplet bosons. Vector boson pair production was also considered as a signature of Higgless Models [18] [19] [20] [21] [22] [23] and other possibilities for new physics [24, 25] but we do not include these scenarios in this paper.
Higgs bosons can in principle couple to fermions and, in fact, a same sign dilepton final state would almost certainly be a cleaner signal for a doubly-charged Higgs boson than vector boson final states. Although this lepton number violating decay, Φ ±± → l ± l ± , does not occur in the version of the Littlest Higgs model that we consider, it can occur in certain variations of the Littlest Higgs model [26] , as well as in the Georgi-Machacek [27] and Left-Right Symmetric models [28] [29] [30] . It is therefore worth commenting on the relative strengths of the dilepton and V V channels. Neutrino masses are an important constraint on the allowed parameter range, which in turn leads to different decay scenarios for the Higgs triplet states [26] . In one case, the small neutrino mass can be driven by a tiny triplet vacuum expectation value (vev), but with neutrino Yukawa couplings O(1), while in the opposite scenario it is the Yukawa couplings that are tiny to accomodate the observed neutrino masses. It is the latter case which can lead to a triplet vev that is large enough to give rise to the signal we are studying.
In this paper, we report on a study of heavy scalar triplet production via vector boson scattering in the W ± W ± , W ± Z, W + W − , and ZZ channels. The models we consider are the Littlest Higgs Model, the GeorgiMachacek Model and the Left-Right Symmetric Model. We focus on the purely leptonic decays of the vector bosons, which have the advantage of lower SM QCD backgrounds. The final states we consider are therefore
These processes have been extensively studied in the context of strongly interacting weak sector models [31] [32] [33] [34] and previous studies of doubly-charged Higgs boson production at the LHC in the Littlest Higgs and Left-Right Symmetric models were given by Azuelos et al. [9, 30] .
In the following section, we give a brief introduction to the models we study in this paper, focusing on properties most relevant to our analysis. This is followed in Section III by a description of calculational details. In Section IV we describe possible backgrounds and the kinematic cuts that can be used to reduce them. Our results are given in Section V followed by a brief summary of our conclusions in Section VI.
II. MODELS
In this section, we give a brief overview of the Littlest Higgs, Georgi-Machacek, and Left-Right Symmetric models. It is not intended to be an extensive review but only gives details used in our analysis. The Feynman rules needed for our calculations are summarized in Table I .
A. The Littlest Higgs Model
Little Higgs models [4, 35, 36] are a class of models that attempt to resolve the hierarchy and fine-tuning problems between the electroweak scale and the Planck scale. There are many variations of Little Higgs models (for recent reviews, see [6, 7, 35, 37] ). In this paper, we consider the Littlest Higgs Model [4] , which introduces new particles at a scale f ∼ 1 TeV in addition to the particles of the Standard Model. The couplings of these particles to the SM Higgs boson are such that the quadratic divergences to M 2 h introduced by the SM loops are cancelled by the quadratic divergences introduced by the new TeV scale particles at one-loop level. As a result, the SM Higgs boson remains light and free from one-loop quadratic sensitivity up to a cutoff scale, Λ S = 4πf ∼ 10 TeV.
The scalar field content of the Littlest Higgs model consists of a doublet, h, and a triplet, φ, under the unbroken
Electroweak symmetry breaking results in a vev for the neutral components of both the doublet and the triplet fields: h 0 = v/ √ 2 and iφ 0 = v ′ . The doublet and triplet states acquire masses, the latter of which is given to leading order by [6] and Left-Right Symmetric models [29] .
Littlest Higgs
By demanding that M 2 Φ > 0, we arrive at a relation between the doublet and triplet vevs [4, 6] :
For f = 2 TeV and v ≈ 246 GeV, this gives an upper bound
The value of v ′ has been further constrained by electroweak data to 1 GeV < ∼ v ′ < ∼ 4 GeV for f = 2 TeV [38] .
B. The Georgi-Machacek Model
The next model we consider is the Georgi-Machacek model [12] , in which the scalar fields take the form
where φ is a complex doublet, ξ is a real triplet and χ is a complex triplet. Electroweak symmetry breaking occurs when the neutral components of these fields develop a non-zero vev, given by φ 0 = a/ √ 2 and
It is convenient to introduce the notation
as the W ± and Z bosons masses are given by
We substituted the relations given by Eqns. 6, 7 and 8 into the Feynman rules given by Ref. [27] so that the Feynman rules in Table I use a common notation. The physical scalars in this model can be classified according to their transformation properties under the custodial SU(2) symmetry, which also guarantees that ρ = 1 at tree-level. One finds a five-plet (H . In this paper, we are interested in the production of the H 5 triplet as these particles couple to the W ± and Z bosons, whereas the H 3 triplet does not.
From Equation 8 , we see that v = √ a 2 + 8v ′2 ≈ 246 GeV, but the ratio v ′ /a is not fixed. The strongest experimental bound on this ratio comes from the Zbb coupling measurements, which give, at 95% C.L., tan θ H ≡ s H /c H < ∼ 0.5, 1 and 1.7 for M H3 = 0.1, 0.5 and 1 TeV, respectively [39] . A value of tan θ H = 0.5 corresponds to a triplet vev of v ′ = 39 GeV, which we use in all our calculations.
C. The Left-Right Symmetric Model
The scalar sector of the SU (2) L × SU (2) R × U (1) B−L Left-Right Symmetric model [13, 14] is given by [29, 40] 
where left-right symmetry requires that the Lagrangian of the theory is invariant under ∆ L ↔ ∆ R and φ ↔ φ † . The vacuum expectation values of the doublet and triplet are given by
The triplet vevs
In this paper we are interested in the production of the left triplet, ∆ L , as it couples to the Standard Model W ± and Z bosons. The left triplet vev, v L , is constrained by the ρ parameter, given by [28, 29] :
The experimental result ρ = 1.0004
GeV. Note that due to the factor of 1/ √ 2 in Equation 13 , we define the triplet vev in this model as v ′ ≡ v L / √ 2 to be consistent with the conventions of the other models under study. Using this notation, the upper limit on the triplet vev becomes v ′ < ∼ 2 GeV.
III. CALCULATIONS
The production mechanism for scalar triplet bosons via vector boson scattering at the LHC is illustrated in Fig. 1 . The incoming quarks from the colliding protons radiate vector bosons (V = W ± , Z), which interact to produce the Higgs triplet. The Higgs triplet then decays to vector bosons, accompanied by two spectator quark jets that emerge in the forward region of the detector. The forward jets are the hallmark of the vector boson fusion process and are an important tool to reduce backgrounds. We study the production of all members of the scalar triplet: Φ ±± via W ± W ± scattering, Φ ± via W ± Z scattering, and Φ 0 via W + W − and ZZ scattering. To calculate the pp → Φ + jj → V V + jj cross sections and kinematic distributions, we used the MadGraph software package [42] . MadGraph generates tree-level matrix elements and then generates events using Monte Carlo phase space integration. We then analyzed the generated events, including implementing kinematic cuts. We show the resulting kinematic distributions in figures and the cross sections in tables.
We implemented the relevant scalar sector Feynman rules for the Littlest Higgs model [6] , the GeorgiMachacek model [27] and the Left-Right Symmetric model [29] in MadGraph (see Table I ). Note that in the Littlest Higgs model, the scalar sector mixing angles are given to leading order by It is interesting to note some of the similarities and differences in the Feynman rules of each model. For example, the W + W + Φ −− vertex has the same form in all three models. This is due to the fact that the doublycharged member of the triplet has the same EW quantum numbers in each model. However, because the H Table I , we see that it couples more strongly to the W and Z bosons than the H 5 triplet does. Therefore, depending on its mass, the H 0′ 1 may be more easily observable in the W + W − and ZZ channels. Production of the H 0′ 1 is also a potential background to the H 0 5 production process, which we are interested in studying. However, because we are focusing on members of the Higgs triplet, for simplicity, we do not include H 0′ 1 production in our analysis. Hadronic decays of the vector bosons have the largest branching ratios. However, the QCD backgrounds to these final states are very large and difficult to disentangle from the signal. In contrast, the purely leptonic decays, with W ± → l ± ν and Z → l + l − (l = e, µ), provide a much cleaner signal than hadronic decays, at the cost of a smaller branching ratio. These purely leptonic final states are often referred to as "gold-plated" modes. A final possibility is to consider semileptonic final states, sometimes referred to as "silver-plated" modes, which are intermediate in terms of branching ratios and clean final states. As expertise for reconstructing vector bosons in hadronic modes improves, these final states could prove to be useful for studying vector boson scattering. However, in this paper we focus on the "gold-plated" leptonic final states.
MadGraph includes many diagrams with the same leptonic final state as the process in which we are interested. Therefore, having MadGraph calculate the full process including decays to final state leptons includes a very large number of non-resonant diagrams and takes considerable computing time. Instead, we used MadGraph to calculate the pp → Φ + jj → V V + jj processes and subsequently decayed the vector bosons using the DE-CAY package of MadGraph. We compared cross sections and distributions using both approaches and they agreed within the statistical uncertainties of the Monte Carlo.
As a final check of our results, we calculated cross sections using the Effective Vector Boson Approximation [43] and the Goldstone Equivalence Theorem [44] , and found that the two approaches were in reasonable agreement [45] . MadGraph includes a more complete set of Feynman diagrams that contributes to the final states we are studying and, more importantly, includes the spectator jets which are a crucial ingredient for reducing backgrounds.
IV. BACKGROUNDS
At the high energies associated with TeV scale Higgs boson production at the LHC, the cross section for vector boson scattering is dominated by scattering of longitudi-
Therefore, the signal process in which we are interested is
with both vector bosons decaying leptonically. In general, the experimental signature consists of high-p T leptons in the central region of the detector, two high-p T forward jets and low jet activity in the central region.
We consider three types of backgrounds to this signal following the treatment of [31] [32] [33] . The first background is the irreducible electroweak (EW) background. It is similar to the signal process except that at least one of the vector bosons is transversely polarized:
This process is a background in the sense that its cross section is essentially insensitive to the new TeV scale physics that we wish to study. It is irreducible in the sense that the final state is virtually identical to the signal process, differing only by the polarization of the vector bosons, making this background difficult to reduce using simple kinematic cuts. In principle, if one could distinguish between the final state vector boson polarizations, this background could be considerably reduced. A recent paper by Han et al. argues that this can be done [46] . In any case, we find that the cuts we implement reduce this background to a manageable level. We therefore define our signal cross section for TeV scale Higgs boson production through vector boson scattering as
where σ SM (pp → V V jj) is the cross section for the EW background process of the Standard Model, and σ total (pp → V V jj) includes the contributions from the Higgs triplet model under consideration. The second class of background processes are QCD backgrounds, which involve the production of two vector bosons plus additional jets:
where n is the number of jets in the final state, typically with n = 2. We also include the 1-jet background because we only tag one forward jet in our analysis. It is possible to tag two high-p T forward jets, but such double tagging has been shown to be too costly to the number of signal events [31] . Therefore, we choose to tag a single forward jet in our analysis, as this retains a larger fraction of the signal events. We evaluate these backgrounds to order O(α 2 α n s ), where n = 1 or 2, in contrast to the irreducible EW background, which is of order O(α 4 ). Since the V V scattering signal is a purely electroweak process with no colour exchange and relatively low jet activity in the central region, the jets arising in the QCD background are generally more central and have higher p T than the spectator jets from the signal events. Therefore, in addition to a forward jet tag, imposing a central jet veto to reject events with hard central jets is very useful in reducing the QCD background.
The third type of background we consider includes top quarks in the final state, generally along with a vector boson and possibly an additional jet:
These backgrounds arise from the leptonic decays of the vector boson, V = W ± or Z, along with the t andt decaying into real W bosons, which then decay leptonically or hadronically. The resulting final state can have many leptons and jets that can mimic the signal. Fortunately, unlike the jets from the signal process, the jets from the t-quark background tend to emerge in the central region of the detector. Therefore, the t-quark background can also be suppressed by imposing a forward jet tag and a central jet veto.
In the following subsections we give a more detailed description of the backgrounds to each of the final states and the kinematic cuts we use to reduce them to manageable levels.
The SM backgrounds to the W ± W ± channel are:
• EW Background:
• QCD Background:
• Top Quark Background:
with t → W b.
• W ± Z Background:
with the W ± and Z decaying leptonically, 
where E T = M 2 + p 2 T , and M is the invariant mass. Therefore, the W W cluster transverse mass is given by
where
. However, since the invariant mass of the two neutrinos, M (νν), cannot be reconstructed, we instead define the W W cluster transverse mass as
With this definition, the production of a doubly-charged Higgs boson through W ± W ± scattering results in a broad peak in the M T (W W ) distribution with an endpoint at approximately the resonance mass. This can clearly be seen in Fig. 3 for the M Φ = 1 TeV case, while the broader Φ ±± width for the M Φ = 1.5 TeV case smears out the M T (W W ) distribution.
In the W ± Z channel, we consider the following SM backgrounds:
Note that we consider the W + Z final state as well as the charge-conjugate W − Z final state to enhance our statistics in this channel.
Using Equation 27
, we obtain the W Z cluster transverse mass:
The M T (W Z) distribution for singly-charged Higgs boson production through W Z scattering shows a distinctive peak at the resonance mass, as seen in Fig. 4 .
In the W + W − channel, we consider the following SM backgrounds:
The W ± Z scattering process may also be a background to the W + W − channel if the l ± from the Z decay is not detected. However, this is far less important than the large QCD and t-quark backgrounds to W + W − scattering, so it will be neglected.
As in the W ± W ± channel, the W + W − invariant mass cannot be fully reconstructed for leptonic final states, so instead we use the W + W − cluster transverse mass, also given by Equation 29 .
D. ZZ
In the ZZ channel, we consider the following SM backgrounds:
An advantage of the ZZ → 4l decay mode is that we can completely reconstruct the final state and make use of the ZZ invariant mass distribution in our results.
E. Kinematic Cuts
The kinematic cuts used to reduce the SM backgrounds to vector boson scattering are well established [31] [32] [33] [34] . Our values for the cuts are summarized in Table II . We impose cuts on the p T of all charged leptons, the missing transverse momentum ( p T ) in the W ± Z channel, and impose back-to-back lepton cuts (∆y(ll) and ∆p T (ll)) in the W ± W ± and W + W − channels. We impose rapidity cuts on the final state leptons of |y(l)| < 2.5 and on the tag jet of 3.0 < |y(j tag )| < 5.0 to take into account detector acceptances. Imposing a central jet veto was not necessary in the ZZ channel, as this would further reduce the already small number of signal events. Note that the central jet veto cuts are to be interpreted as: "Reject all events with jets having |y| < y max and p T > p T min ". It should also be noted that, although we tag a single energetic forward jet with high-p T , all jets are assumed to have p T > 10 GeV by default. This is required in order for MadGraph to achieve stable results in its calculations. We find that these choices of cuts are effective in improving the signal to background ratio.
V. RESULTS
We used the MadGraph software package [42] , version 4.2.6, to generate weighted signal and background events. To obtain our results, we used the following SM input parameters [41] : G F = 1.16637 × 10 −5 GeV −2 , M Z = 91.188 GeV, α(M Z ) = 1/127.9, α s (M Z ) = 0.118, M t = 171.2 GeV. We assumed a SM Higgs boson mass of M h = 120 GeV and used the CTEQ6M parton distribution functions [49] . We assumed the nominal LHC energy of √ s = 14 TeV and an integrated luminosity of L = 100 fb −1 to obtain our results. In the Higgs triplet models that we studied, there are additional parameters in the scalar sector that must be defined. For all models, we use triplet masses of TABLE II: Leptonic cuts and jet cuts used in vector boson scattering to enhance the signal to background ratio. Note that the central jet veto cuts are to be interpreted as: "Reject all events with jets having |y| < ymax and pT > pT min ."
Leptonic Cuts
Jet Cuts GeV; as discussed in Section II, this value of the triplet vev corresponds to the upper bound in the Georgi-Machacek model. In the Littlest Higgs model, the symmetry breaking scale, f , is an additional parameter that we set to f = 2 TeV. With these parameter values, we used the BRIDGE [50] package of MadGraph to calculate the scalar triplet decay widths for each of the models, and the resulting values are given in Table III. For the purpose of discussion we start with W ± Z scattering as a representative case. The process is pp → W ± Zjj with, for the "gold-plated" leptonic decay modes, W ± → l ± ν and Z → l + l − (l = e, µ). The experimental signature is given by two high-p T forward jets, along with three high-p T charged leptons in the central region of the detector. This is accompanied by a large amount of missing p T attributed to the undetected neutrino. The transverse mass distributions for each type of background along with the W ± Z signal before and after imposing the cuts of Table II are shown in Fig. 2 , for a triplet mass of M Φ = 1.0 TeV. It can be seen from this figure that our choice of cuts reduces the irreducible EW background to a manageable level and substantially reduces the QCD and t-quark backgrounds.
All channels show qualitatively similar improvements in the signal to background ratio, so for the remaining channels we simply show the resulting mass distributions after imposing the kinematic cuts given in Table II To better understand these plots, it is helpful to refer to the scalar triplet partial widths in these models, which are given in Table III . We start with the W ± W ± channel shown in Fig. 3 . The transverse mass distributions for all three models in the W ± W ± channel lie on top of each other because the doubly-charged member of the scalar triplet has identical W + W + Φ −− vertices and the same decay width in each model. In contrast, the W ± Z channel, shown in Fig. 4 , exhibits differences between all three models. The peak width for the Littlest Higgs model signal is larger than that of the Left-Right Symmetric model signal because, although they have the same W + ZΦ − vertex, the Φ ± of the Littlest Higgs model can also decay to W ± h, resulting in a larger Φ ± width. Furthermore, although the H width that is a factor of two larger than the ∆ ± L width and also a larger production cross section. Finally, the differential cross sections in the ZZ channel shown in Figure 6 differ quite significantly due to the different Φ 0 ZZ couplings and Φ 0 widths. The width of the neutral member of the scalar triplet is smallest in the Littlest Higgs model, partially due to the absence of the Φ 0 → W + W − decay mode at leading order in this model, but also due to the value of the Φ 0 ZZ coupling. In both the GM and LR models the Φ 0 can also decay W + W − which increases the total width. These effects are not so apparent in the W + W − channel because the signal is more deeply buried in the background.
More quantitatively, in Table IV we give the cross sections for the signal and backgrounds after imposing the cuts of Table II between the EW-SM cross section and the EW-LH, EW-GM, and EW-LR cross sections respectively, as defined by Equation 18 . The observability of a Higgs triplet signal in a V V channel is determined by the relative size of the signal to background, and by the assumed integrated luminosity. So, for example, in the Littlest Higgs model with M Φ = 1.0 TeV and v ′ = 39 GeV, the cross section after cuts in the W ± W ± channel is 0.244 fb, compared to the cross section of the combined backgrounds of 0.0798 fb. Assuming 100 fb −1 , this would result in roughly a 9σ effect. One could invert this and ask what luminosity would be required to produce a 5σ discovery (i.e. S/ √ B ≥ 5). For this example, the luminosity required would be 34 fb −1 , resulting in ∼ 8 signal events. It may be possible to further optimize our cuts in order to enhance the event rate at the expense of lowering the signal to background ratio. In any case, there is a tradeoff and this would also depend on detector details that are beyond the scope of this paper. To ensure that a substantial number of signal events are observed, we impose a second criteria that there must be at least 10 signal events, resulting in a required integrated luminosity of 41 fb −1 . Following this procedure, in Table V we give the integrated luminosities required to produce a 5σ signal with at least 10 signal events for the various models for triplet masses of 1.0 and 1.5 TeV.
The early years of LHC running are expected to produce ∼ 10 fb −1 /year. It is therefore unlikely that a heavy Higgs triplet would be observed at the LHC in this period of time. Once design luminosity is achieved, it is expected that ∼ 100 fb −1 will be produced per year. In this case it should be possible to observe a doubly-charged Higgs triplet in any of these models with the assumed parameter values. In the W ± Z channel, it seems that only the charged scalar in the Georgi-Machacek model could be observed. The W + W − channel is the least promising for observing a Higgs triplet due to the large QCD and t-quark backgrounds in this channel.
The values in Tables IV and V were obtained assuming a triplet vev of v ′ = 39 GeV, which is the upper bound in the Georgi-Machacek model. However, in the Littlest Higgs model this parameter is constrained to v ′ < ∼ 4 GeV, while in the Left-Right Symmetric model the constraint is v ′ < ∼ 2 GeV. The Higgs triplet production cross section is proportional to v ′2 , so, with these upper limits, the cross sections would be reduced by a factor of roughly 10 −2 and 2 × 10 −3 for the Littlest Higgs and Left-Right Symmetric models respectively. With the resulting cross section values, it is clear that to observe any of the TeVscale Higgs triplet bosons of the Littlest Higgs or LeftRight Symmetric models at the LHC using leptonic final states would require several ab −1 of integrated luminosity and would await the SLHC. However, as is usual in model building, it is possible that the existing constraints could be evaded, making these processes more useful than we pessimistically conclude.
VI. SUMMARY
In this paper, we presented the results of a study of Higgs triplet production via vector boson scattering at the LHC. The production cross sections are highly sensitive to the triplet vacuum expectation value (v ′ ) which is already tightly constrained by precision electroweak data. Of the three models considered, the Georgi-Machacek model can have the largest cross sections due to the weakest constraint on v ′ . The W ± W ± channel is the most promising discovery channel due to its distinctive final state. However, it is still possible to observe a signal for the W ± Z channel for certain regions of parameter space. The observation of this channel is a smoking gun for a Higgs triplet, as this process does not occur in Two Higgs Doublet Models. Discovery of the neutral Higgs triplet state is least promising due to the large QCD and t-quark backgrounds in the W + W − channel and the small signal cross section in the ZZ → l + l − l + l − channel. The ZZ → l + l − νν channel might slightly improve the Φ 0 discovery potential, but we have not included this in our analysis and leave this for a future study. High luminosity is required for some of the channels and models, which will require the SLHC. One of the goals of this work was to determine whether scalar triplet production via vector boson scattering at the LHC could be used to distinguish between models with Higgs triplet bosons. Our conclusions are qualified. The current constraints on the triplet vev in the Littlest Table II Higgs and Left-Right Symmetric models result in production cross sections that would require significant luminosity to be able to distinguish triplet scalars from Standard Model backgrounds, higher than the expected LHC luminosities. In these scenarios, these measurements could at best constrain the allowed parameter space. However, if the W ± W ± and W ± Z signals are observed, it would be possible to distinguish the three models we studied by computing the ratio of the rates in those two channels. In doing so, the dependence on the triplet vev cancels out, and this ratio would be sensitive to the details each model.
We focused our work on the fully leptonic final states, which are easiest to distinguish from Standard Model backgrounds. The "silver-plated" semileptonic decay modes have significantly higher branching ratios and could potentially improve the statistics; the branching ratios are B(W ± W ± → l ± νl ± ν) ∼ 5% versus B(W ± W ± → l ± νqq) ∼ 29%, B(W ± Z → l ± νl + l − ) ∼ 1.5% versus B(W ± Z → l ± νqq + qql + l − ) ∼ 20%, and B(ZZ → l + l − l + l − ) ∼ 0.44% versus B(ZZ → l + l − qq) ∼ 9%. However, much depends on the efficiency in reconstructing W and Z bosons in their hadronic modes. In addition, the kinematic cuts would need to be modified to take into account the hadronic final states. We leave this excercise for a future study.
